###### Strengths and limitations of this study

-   This nationwide population-based matched cohort study was based on data from several Danish national registers.

-   A major strength was the low risk of selection bias and information bias due to complete follow-up and high data quality.

-   We adjusted for several potential confounders through linkage of national registers with updated information.

-   No data on trauma mechanisms were available.

-   The study was based on hospital admission and/or contact to EDs, which may reduce the generalisability of the results.

Introduction {#s1}
============

Traumatic brain injury (TBI) is common at the emergency department (ED). TBIs account for over 1 million annual ED visits in the USA,[@R1] 150 000 visits in the UK[@R2] and 20 000 visits in Denmark.[@R3]

Some TBIs may cause severe intracerebral lesions, which may call for neurosurgical intervention. A total of 85%--90% of TBIs are classified as mild (mTBI)[@R3] which is defined as a condition where loss or suspected loss of consciousness, is short and a score of 14--15 on the Glasgow Coma Score (GCS).[@R4] mTBI may be associated with symptoms such as headache, dizziness, irritability, anxiety, blurred vision, insomnia, fatigue and concentration/memory difficulties.[@R8] It has been claimed that symptoms following mTBI are transient.[@R9] Several studies suggest that the impact is small and recovery from mTBI is generally complete.[@R10] However, symptoms following the mTBI may persist for weeks or months[@R8] or even years.[@R2] These are collectively known as postconcussion syndrome (PCS).[@R18]

PCS has been described in a number of publications, but relatively little is known about the prevalence and incidence. However, it has been estimated that 25% of all patients with mTBI suffer from postconcussive symptoms or other cognitive sequelae for more than a year after the mTBI.[@R19]

Several risk factors for PCS have been identified, including a history of multiple mTBIs, higher age, female sex, pre-existing pain and psychiatric and psychological comorbidities.[@R17]

Previous studies have indicated that mTBI is associated with decreased quality of life,[@R15] long-term sick leave[@R21] and unemployment.[@R22] However, as inclusion criteria differ and many studies have relatively small sample sizes it is difficult to compare and conclude across studies.

Healthcare-seeking behaviour patterns after mTBI may provide new knowledge on the PCS period, and increased use of general practice can thus be seen as a proxy variable for symptom presentation.

The structure of the Danish healthcare system requires the patients to initially contact the general practitioner (GP) who may refer the patient to a specialist (here: a privately practicing neurologist). This type of service is also covered by the taxes levied by the state and is thus free of charge for the patients. The aim of this large study was to describe the use of primary healthcare before and after mTBI as a proxy for symptoms and concerns among patients suffering from mTBI.

Methods {#s2}
=======

This nationwide population-based matched cohort study was based on data from several Danish national registers: the Danish Civil Registration System (CRS),[@R23] which holds updated information on all Danish citizens, the Danish National Hospital Register (NHR), which contains nationwide data on all somatic hospital admissions from 1977 onwards, (data on outpatients activities and emergency visits have been included since 1995),[@R24] the Danish National Health Insurance Service Register (NHSR), which holds information on all contacts to general practice and all services provided,[@R25] the Danish Register of Medicinal Product Statistics (RMPS)[@R26] and Statistics Denmark, which holds information on income, marital status and education.[@R27]

The Danish civil registration number, which is a unique 10-digit personal identification number assigned to all Danish citizens at birth or immigration, was used to link information at the individual level across the registers.[@R28]

Study population {#s2a}
----------------

All adult patients (aged ≥18 years) first-time diagnosed with mTBI in a Danish ED between 1 January 1998 and 31 December 2010 (n=93 517) were identified in the NHR (ICD-8: 850.99; ICD-10: S06.0).[@R28]

The CRS was used to randomly sample 10 reference persons per patient with mTBI (n=935 170). Reference persons were matched on gender and age, and also on general practice, allowed using an algorithm linking individual patients to their general practice.[@R29] The reference persons had no former diagnosis of mTBI or other more severe TBI (ICD-10: 06.1--06.9)[@R30] on the day of diagnosis with mTBI. A reference person could be sampled only once per case, but a reference person could act as reference for multiple cases and could be included as a patient with mTBI later in the study period.

Estimates were adjusted for the following comorbidities: hypertension, ischaemic heart disease, heart failure, stroke, epilepsy, alcohol problems, substance abuse and dementia. Medical comorbidities were derived from a multimorbidity index[@R31] comprising 39 psychiatric and physical long-term conditions; this index has previously been used in a Danish setting.[@R31] Additionally, comorbidities were based on information from the NHR[@R24] and the RMPS.[@R26] Information on socioeconomic characteristics was obtained from Statistics Denmark.[@R27]

Both patients with mTBI and reference persons were residents in Denmark and listed with a Danish general practice from 5 years before and up to 10 years after the mTBI. Both patients with mTBI and reference persons were censored by death (n=139 850), disappearance (n=347) or emigration (n=11 053).

Outcome measurements {#s2b}
--------------------

The overall use of general practice 5 years before and up to 10 years after mTBI was applied as outcome measure. This included all types of daytime and out-of-hours contacts: face-to-face consultations, telephone consultations and email consultations. Furthermore two services relating to mental and physical health during the same period were included as outcome measure: talk therapy in general practice and contact to privately practicing neurologist.

Statistical analysis {#s2c}
--------------------

For both persons with mTBI and reference persons, we estimated the monthly number of contacts with general practice (in the 12 months before and the 12 months after the mTBI diagnosis) and the mean number of contacts per year (in the 5 years before and up to 10 years after the mTBI) with corresponding 95% CIs. We calculated incidence rate ratios (IRRs) and adjusted the analyses for comorbidities and socioeconomic relations by using a negative binomial regression model including cluster robust variance estimation. Subgroup analyses were performed to stratify for age groups and gender. A P value of \<0.05 was defined as statistically significant. All data handling and statistical analysis were performed with Stata V.13.1 statistical software (StataCorp LP, Texas, USA).

Results {#s3}
=======

Characteristics of the study population {#s3a}
---------------------------------------

Baseline characteristics of the 93 517 included patients with mTBI and their 935 170 matched reference persons are shown in [table 1](#T1){ref-type="table"}.

###### 

Characteristics of the study population

                          Patients with mTBI   References
  ----------------------- -------------------- -----------------
  n                       93 517               935 170
  Sex (%)                                      
   Female                 42 789 (45.8)        427 890 (45.8)
   Male                   50 728 (54.2)        507 280 (54.2)
  Age, mean, years (SD)   45.9 (21, 2)         46.0 (21, 2)
  Age group (%)                                
   18--40 years           44 709 (47.8)        447 080 (47.8)
   41--65 years           29 761 (31.8)        297 545 (31.8)
   \>66 years             19 047 (20.4)        190 545 (20.4)
  Education (%)                                
   ≤10 years              39 428 (42.3)        339 573 (36.3)
   \>10 and ≤15 years     36 201 (38.7)        401 613 (42.9)
   \>15 years             10 450 (11.2)        124 841 (13.3)
   Unknown                7338 (8, 0)          69 143 (7, 4)
  Marital status (%)                           
   Married                30 223 (32.3)        382 481 (40, 9)
   Widowed                10 044 (10.7)        89 328 (9.6)
   Divorced               11 502 (12.3)        72 912 (7.8)
   Unmarried              41 748 (44.6)        390 448 (41.8)
  Income (%)                                   
   Low                    25 152 (26.9)        236 282 (25.3)
   Medium                 47 256 (50.5)        427 495 (45.7)
   High                   21 109 (22.6)        271 393 (29.0)
  Comorbidities (%)                            
   Hypertension           12 796 (13.7)        121 206 (13.0)
   Heart failure          910 (1.0)            7152 (0.8)
   Stroke                 2691 (2.9)           16.166 (1.7)
   Epilepsy               1283 (1.4)           4248 (0.5)
   Alcohol abuse          3360 (3.6)           4087 (0.4)
   Drug abuse             884 (0.9)            1837 (0.2)
   Dementia               1005 (1.1)           5558 (0.6)

mTBI, mild traumatic brain injury.

Persons with mTBI were more likely to live alone (unmarried, divorced or widowed), were less educated, had lower income and more often had comorbidities compared with the reference persons ([table 1](#T1){ref-type="table"}).

Women generally had higher use of general practice than men; women in the youngest age group had two times as many contacts as men ([figure 1](#F1){ref-type="fig"}).

![All contacts in general practice before and after mild traumatic brain injury (mTBI) diagnosis. Upper part: mean number of contacts and 95% CIs for all contacts in general practice for persons with mTBI and reference persons, 5 years before and 10 years after the mTBI diagnosis. Lower part: incidence rate ratios (IRRs) for all contacts with 95% CIs adjusted for comorbidities and socioeconomic status.](bmjopen-2017-017735f01){#F1}

Consultations in general practice before and after mTBI {#s3b}
-------------------------------------------------------

When analysing the number of contacts to general practice 5 years before the mTBI diagnosis and 10 years after, we found a higher number of contacts for both men and women with mTBI compared with the reference persons ([figure 1](#F1){ref-type="fig"}, upper part).

Persons with mTBI had more contacts to general practice both before and after the mTBI. The IRR for contacts to general practice was generally higher from the date of mTBI and the following year ([figu](#F1){ref-type="fig"} [re 1](#F1){ref-type="fig"}). In the youngest age group, the IRR for women was 1.59 (95% CI 1.57 to 1.61), whereas the number of contacts was almost two times as high for men with mTBI compared with reference persons, as the IRR was 1.82 (95% CI 1.80 to 1.85) in the year following the mTBI. In the middle-aged group, the IRR for women was 1.75 (95% CI 1.72 to 1.78), whereas the IRR for men was 1.85 (95% CI 1.82 to 1.89). In the oldest age group, the IRRs were identical for both genders with an IRR 1.55 (95% CI 1.52 to 1.58) for women and an IRR of 1.55 (95% CI 1.51 to 1.59) for men. Five years after the mTBI diagnosis, the IRRs had fallen and remained at the same level as 5 years before mTBI diagnosis. The patients with mTBI had more contacts to general practice compared with the reference persons in all age groups; this was seen for both genders from 5 years before the mTBI.

The number of contacts peaked during the first 3 months after the mTBI, whereafter the number of contacts decreased ([figure 2](#F2){ref-type="fig"}).

![All contacts to general practice 12 months before and 12 months after mild traumatic brain injury (mTBI). Upper part: mean number and 95% CIs for all contacts to general practice for persons with mTBI and reference persons, 12 months before and 12 months after mTBI diagnosis. Lower part: incidence rate ratios (IRRs) for all contacts with 95% CIs adjusted for comorbidities and socioeconomic status.](bmjopen-2017-017735f02){#F2}

In the youngest age group, the adjusted number of contacts for women was almost three times higher in the mTBI group than in the reference group during the first month after mTBI diagnosis (IRR 2.88, 95% CI 2.74 to 3.02). Men in the mTBI group had more than four times as many contacts during the first month (IRR 4.34, 95% CI 4.13 to 4.56). In the middle-aged group, the adjusted number of contacts was more than three times higher in the mTBI group for women (IRR 3.48, 95% CI 3.32 to 3.66) and four times higher for men (IRR 4.06, 95% CI 3.87 to 4.27) during the first month after mTBI. In the oldest age group, the IRRs in the first month were lower and similar for men (IRR 2.42, 95% CI 2.3 to 2.54) and women (IRR 2.46, 95% CI 2.34 to 2.59). The increasing number of contacts to general practice for patients with mTBI, was observed during the 3 months after mTBI, after which the number of contacts fell to almost the level before the mTBI. The decrease in number of contacts after mTBI was seen in all age groups and for both genders.

Talk therapy in general practice, before and after mTBI {#s3c}
-------------------------------------------------------

Persons in both the youngest and the middle-aged group with mTBI had significantly higher use of talk therapy in general practice before mTBI compared with the reference persons ([figure 3](#F3){ref-type="fig"}). The data show that patients with mTBI had almost two times as many contacts involving talk therapy in general practice before the mTBI. In the reference group, 6.37% (95% CI 6.31% to 6.42%) had a contact to general practice involving talk therapy. For the persons with mTBI, 11.47% (95% CI 11.29% to 11.64%) had this type of contact before the mTBI.

![Talk therapy in general practice before and after mild traumatic brain injury (mTBI). Upper part: mean number of and 95% CIs for contacts including talk therapy in general practice for persons with mTBI and reference persons 5 years before and 10 years after the diagnosis. Lower part: incidence rate ratios (IRRs) for contacts including talk therapy in general practice with 95% CIs adjusted for comorbidities and socioeconomic status.](bmjopen-2017-017735f03){#F3}

In the youngest age group, both men and women had about two times as many contacts involving talk therapy in general practice than the reference persons (women: IRR 1.96, 95% CI 1.82 to 2.12; men: IRR 2.15, 95% CI 1.96 to 2.35) in the year leading up to the mTBI and in the year following the mTBI. In the middle-aged group, a peak was seen in the first year after the mTBI; both women (IRR 2.12, 95% CI 1.86 to 2.41) and men (IRR 2.56, 95% CI 2.27 to 2.88) had more than two times as many contacts involving talk therapy in general practice compared with the reference persons. In the oldest age group, no increase in talk therapy in general practice was seen around the time of diagnosis (women: IRR 1.52, 95% CI 1.27 to 1.81, men: IRR 1.51, 95% CI 1.14 to 2.01). However, persons with mTBI generally had higher use of talk therapy in general practice than the reference persons throughout the observation period. During the first year after the mTBI diagnosis, the IRR fell to a level below the IRR before the mTBI for both gender and all age groups.

Consultations with a privately practicing neurologist before and after mTBI {#s3d}
---------------------------------------------------------------------------

Both men and women with mTBI had more consultations with a privately practicing neurologist compared with reference persons at the time of the mTBI diagnosis and during the year after ([figure 4](#F4){ref-type="fig"}). Furthermore, we found that 4.89% (95% CI 4.78% to 5.01%) of patients with mTBI had contact to a privately practicing neurologist before the mTBI diagnosis, whereas 6.97% (95% CI 6.85% to 7.08%) had contact after the mTBI diagnosis. In the reference group, the corresponding numbers were 3.15% before (95% CI 3.11% to 3.19%) and 3.18% after (95% CI 3.14% to 3.21%) the date of the mTBI diagnosis.

![Consultations with a privately practicing neurologist before and after mild traumatic brain injury (mTBI). Upper part: mean number and 95% CIs for consultations with a privately practicing neurologist for persons with mTBI and reference persons 5 years before and 10 years after the mTBI diagnosis. Lower part: incidence rate ratios (IRRs) for consultations at a privately practicing neurologist with 95% CIs adjusted for comorbidities and socioeconomic status.](bmjopen-2017-017735f04){#F4}

In the youngest age group, women with mTBI had more than four times as many contacts, (IRR 4.55, 95% CI 4.11 to 5.03) during the first year after mTBI diagnosis, and men had more than five times as many contacts (IRR 5.54, 95% CI 4.95 to 6.21) to a privately practicing neurologist than the reference persons. In the middle-aged group, the number of consultations had increased similarly for both women and men (women: IRR 4.69, 95% CI 4.21 to 5.23, men: IRR 4.01, 95% CI 3.58 to 4.49). In the oldest age group, the relative increase in number of neurological consultations was smaller (women: IRR 2.40, 95% CI 2.06 to 2.80; men: IRR 1.81 95% CI 1.45 to 2.20).

Discussion {#s4}
==========

Main findings {#s4a}
-------------

This large nationwide population-based study identified higher use of general practice for up to 3 months after an mTBI diagnosis compared with a reference group. Hereafter, the level decreased to approximately the level before the mTBI. The increase was observed for both genders, all age groups and all types of contacts to general practice. Persons with mTBI had more consultations in general practice involving talk therapy and more consultations with a privately practicing neurologist than their matched reference persons.

We also found that individuals with mTBI had higher use of general practice several years before the mTBI. This indicates that persons exposed to mTBI have a different healthcare-seeking behaviour and a higher comorbidity burden than their matched reference persons. These findings are supported by their higher use of talk therapy in general practice, more consultations with a privately practicing neurologist and the descriptive data on their socioeconomic characteristics.

Strengths and limitations {#s4b}
-------------------------

This population-based study achieved high statistical precision owing to the large study population. We established a cohort of all patients diagnosed with mTBI at any Danish hospital during a 12-year period and a random sample of reference persons matched on gender, age and listed with the same general practice. We followed the cohort for up to 10 years with complete follow-up. Selection bias may, therefore, not explain our results. The data on healthcare use were not collected for the purpose of this study and were independent of the memory of the GP and the study participants. Consequently, the study is not likely to have been affected by recall bias. The registration of contacts to the general practice in the NHSR[@R25] is considered to have high validity as the GP are reimbursed on the basis of these registrations which are checked by the authorities. On this background, we believe that information bias is an unlikely explanation for our findings. All diagnostic tests and consultations measured in the study were provided or requested by GPs and were available to the patients free of charge.

Patients with mTBI and reference persons were matched on demographic factors, age and gender, which further minimised potential bias. As the diagnosis of mTBI in all Danish EDs is based on the same criteria (ICD-8 or ICD-10),[@R28] the case population can be perceived as homogeneous.

In the analyses, adjustments were made for relevant comorbidities and socioeconomic status on the basis of information from the NHR[@R24] and Statistics Denmark[@R27] to further reduce the risk of confounding. However, residual confounding from unmeasured factors cannot be completely excluded.

One of the limitations of this study is that no data on trauma mechanisms were available. The trauma itself could cause confounding by indication as the symptoms of PCS includes symptoms similar to depression or post-traumatic stress syndrome.[@R32]

The nationwide approach allows us to generalise the results to other countries with a healthcare system comparable to the Danish healthcare system, for example, the Nordic countries; however, this study was based on hospital admission and/or contact to EDs. This may reduce the generalisability of the results as patients with less severe injuries may not present for assessment and medical treatment.[@R33] Hence, it is estimated that around half of patients sustaining mTBI have no loss of consciousness and no need for hospitalisation or contact to ED.[@R34]

We observed higher mortality rates in the mTBI group compared with reference persons. If the weakest and most severely ill of patients with mTBI dies (from complications), this could have caused the mTBI groups to appear healthier than it actually was. This would have skewed the results towards the null. This is unlikely to be problematic in the youngest age groups as the overall mortality is very low in these groups (0.8% and 5.3%), but it could be a factor of importance in the oldest age group (40.2%).

Comparison with other studies {#s4c}
-----------------------------

Our characteristics of persons with mTBI correlate with those in a previous study,[@R35] and our findings are in line with studies reporting that mTBI is a condition that disproportionately affects younger men[@R36] and with meta-analyses showing that symptoms persist in many patients until approximately 3 months post injury.[@R9] Likewise, the characteristics of both patients with mTBI and their matched reference persons confirm the findings of previous studies reporting that women in general (especially in the youngest group), have a higher use of general practice than men.[@R37]

The identified healthcare-seeking patterns suggest that the general course of symptoms following mTBI is no longer than 3 months, even though other studies describe symptoms beyond this period.[@R16] In this study, the use of general practice was seen as a proxy for symptom presentation, and also as an indicator of a patient's degree of discomfort or concern. It would be expected that persons with mTBI who have been suffering from PCS for more than 3 months would have shown in the number of contacts to the general practice and in the adjusted IRRs. Such increased utilisation of general practice was not observed in this study. However, the study revealed an increase in consultations with privately practicing neurologists for persons with mTBI. This indicates a need for more extensive medical investigation and possibly treatment.

Furthermore for contacts including talk therapy in general practice, we found that persons with mTBI generally have higher use, but this was not relating to mTBI in the youngest and oldest age group. During the first year after an mTBI the use of talk therapy in general practice decreased. This could suggest that the treatment may cease while the physical symptoms persist, and thus the mental health may be ignored in these months or even years.

Recent studies show a prolonged period of recovery for patients with mTBI.[@R2] Patients in these studies were all examined in an ED setting and met the criteria for mTBI based on a CT scan or had a GCS of 13--15. Patients were assessed using different, objective and subjective scoring systems over multiple time points. These studies found that full recovery might not be achieved and they conclude that recovery from mTBI should be tracked past the conventional 12 months.[@R2] All studies found that many of the patients with persistent symptoms had a medical history or psychiatric problems, previous neurological condition, previous TBI or drug abuse. This could indicate that patients with mTBI and comorbidities have a higher risk of developing PCS.[@R16] This correlates well with our descriptive data of patients with mTBI and our finding that persons with mTBI had higher use of general practice before the mTBI.

Different inclusion criteria for cases or smaller sample sizes may add to the discrepancy in the persistence of symptoms. The use of individual symptoms and several outcome measures over multiple time points provide a more global patient status and ensure capture of the more subtle sequelae of mTBI, but results are difficult to compare without a control group.[@R2] When subjective values are used, it should also be taken into consideration that PCS symptoms are difficult to distinguish from, for example, post-traumatic stress syndrome or depression/anxiety.

In our study, the inclusion criterion is the diagnosis commotio cerebri (ICD-8 and ICD-10),[@R28] which is more detailed than using the GCS.

Postmortem studies of patients with mTBI have demonstrated pathological changes that are undetectable by conventional neuroimaging studies.[@R40] Furthermore the pathophysiology of PCS is widely discussed and seems to be a combination of physical and psychogenic factors, possibly in the presence of the predisposing factors described in this study. Others using specialised imaging modalities (such as single-photon emission CT, MRI or electrophysiology) have shown the presence of persistent organic brain injury, in some cases up to 1 year after the mTBI.[@R19]

The development of PCS may be due to a combination of several factors such as trauma mechanisms, pre-existing vulnerabilities and brain dysfunction.

Even though this study, which is based on healthcare utilisation, suggests that patients with mTBI do not have increased use of general practice for more than 3 months, we must still consider the possibility that these patients continue to have symptoms even though their healthcare-seeking is not increased. It has been suggested that one-quarter of patients may suffer from symptoms or have cognitive deficits for more than a year.[@R19] However, patients may not seek help from the GP for these symptoms, as they believe that they cannot be relieved of the symptoms with the help from the GP.

In 2010, the economic burden of TBI in the USA, direct medical and indirect costs such as loss of productivity, was estimated to be US\$76.5 billion. Ninety per cent of this estimate is related to severe TBI hospitalisations.[@R42] However, mTBI can also be associated with significant ongoing costs in terms of disability, lost work or neuropsychiatric complications, which was not analysed in this study. However, our results suggest that mTBI may be associated with increased utilisation of medical care for a minimum of 3 months after mTBI.

Conclusions and implications {#s4d}
----------------------------

This study shows increased use of general practice up to 3 months after an mTBI, this suggests that the symptoms may persist for at least this period. Our large dataset could not detect increased healthcare-seeking after this point indicating that most persons do not seem to need long-term help from the GP for mTBI induced symptoms. However, some patients may still have considerable problems without seeking help or advice in general practice.

Our study shows that patients seen in the EDs in Denmark for mTBI have a different healthcare-seeking behaviour for several years before the diagnosis of mTBI.

More profound identification of premorbid factors is called for to ensure optimal treatment and support for patients with mTBI. Attention should be paid to the mental well-being of these patients since we see a fall in consultations including talk therapy during the year following an mTBI.

The aetiology of PCS seems to be multifactorial and appears to be caused by a combination of both the physical impact of mTBI and premorbid psychogenic factors. To ensure that the mental and physical state of these patients is not neglected, it may be valuable to offer these a follow-up consultation in general practice 3 or 6 months after the mTBI to investigate whether persons with mTBI suffer from subtle sequelae that is not presented to the GP.

This study calls for further research into the sequelae from mTBI, particularly pretrauma morbidity, injury-related and postinjury-related neuropathological hallmarks and psychological factors that may contribute to the development of PCS.
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